A Gram-staining-positive, spore-forming, strictly anaerobic bacterium, designated strain LAM0A37 T , was isolated from enrichment samples collected from a petroleum reservoir in Shengli oilfield. Cells of strain LAM0A37
The optimal temperature and pH for growth were 40 8C and 7.0-7.5, respectively. The strain did not require NaCl for growth but tolerated up to 3 % (w/v) NaCl. Strain LAM0A37
T was able to utilize glucose, fructose, maltose, xylose, sorbitol, cellobiose, melibiose and melezitose as sole carbon sources. Sulfite was used as an electron acceptor. The main products of glucose fermentation were acetate and CO 2 . The predominant fatty acid was C 16 : 0 (23.6 %). The main polar lipid profile comprised of five glycolipids, six phospholipids and two lipids.
No menaquinone was detected. The genomic DNA G+C content was 27.1¡0.2 mol% as determined by the T m method. Analysis of the 16S rRNA gene sequence indicated that the isolate was a member of the genus Terrisporobacter, and was most closely related to The genus Terrisporobacter belongs to the family Peptostreptococcaceae of the phylum Firmicutes, and was proposed by Gerritsen et al. (2014) during a study which reclassified several species of the genus Clostridium based on phenotypic and genetic considerations. This reclassification included the proposal of the novel genus Terrisporobacter to accommodate Terrisporobacter glycolicus (type species of the genus), previously named Clostridium glycolicum and Terrisporobacter mayombei, previously named Clostridium mayombei. Members of the genus are anaerobic and spore-forming, and cells contain both glycolipids and phospholipids, but phospholipids with free amino groups are absent (Gerritsen et al., 2014) . While studying the anaerobic bacterial diversity of samples collected from a petroleum reservoir in Shengli oilfield, Dongying City, China, a Terrisporobacter-like strain, designated LAM0A37 T , was isolated. On the basis of phenotypic, phylogenetic and chemotaxonomic characteristics, the isolate was considered to represent a novel species of the genus Terrisporobacter.
Strain LAM0A37
T was isolated from an enriched sample collected from a petroleum reservoir in Shengli oilfield. TSB medium (BD/Difco 211825) was used as the enrichment medium. Serum bottles (100 ml) containing 20 ml TSB medium were autoclaved for 30 min at 121 8C. Oilproduction water (10 %, v/v) from the petroleum reservoir was inoculated into serum bottles under an oxygen-free nitrogen atmosphere and incubated at 30 8C for 10 days.
The Hungate technique (Hungate, 1969; Bryant, 1972; Miller & Wolin, 1974 ) was adopted to isolate single strains from the enrichment samples using TSA medium (BD/ Difco 236950). Strain LAM0A37
T was purified at least twice before being preserved in 25 % (v/v) glycerol at 280 8C for further study.
T grew well in TSB medium at 35 8C, the OD 600 increased to 0.8 after growth for 24 h. Morphological characteristics of cells in exponential growth phase were examined using light microscopy (Nikon 80i) and transmission electron microscopy (Hitachi 7500) after growth for 48 h at 35 8C. Gram staining was carried out according to Johnson et al. (1995) and confirmed by the KOH test (Powers, 1995) . Endospore staining was performed according to Schaeffer-Fulton's method (Smibert & Krieg, 1994) . Cell motility of strain LAM0A37
T was examined by the detection of turbidity throughout Hungate anaerobic tubes containing semi-solid TSB medium (0.4 % agar added) after growth for 48 h at 35 8C. The pH, temperature and NaCl ranges for growth were determined in peptone-yeast extract (PY) medium (Holdeman et al., 1977) supplemented with 0.5 % (w/v) glucose. All tests were conducted independently in duplicate. The pH was adjusted to the desired value by using sterile solutions of citric acid/ Na 2 HPO 4 (for pH 4.0 to 5.0), MES (pH 5.5 to 6.0), PIPES (pH 6.5 to 7.0), Tricine (pH 7.5 to 8.5), CAPSO (pH 9.0 to 9.5) or CAPS (pH 10.0 to 11.5), added at a final concentration of 30 mM (Ruan et al., 2014) . Growth characteristics were examined under aerobic, trace-oxygen and anaerobic conditions at 35 8C for up to 7 days. The basal medium used for physiological characterization tests contained the following (per litre): 2 g peptone, 1 g yeast extract, 0.6 g CaCl 2 , 0.1 g NH 4 Cl, 0.2 g MgCl 2 , 0.1 g KCl, 2 g NaCl, 2.5 g NaHCO 3 , 0.5 g Na 2 S, 7.2 g HEPES, 0.5 g L-cysteine, 1 ml trace element solution as DSMZ medium 141 and 1 mg resazurin. The medium was adjusted to pH 7.0 and sterilized by autoclaving at 121 8C for 30 min. Growth on the following carbon sources was examined by the addition of 20 mM respective carbohydrate to the basal medium: glucose, fructose, xylose, maltose, arabinose, lactose, rhamnose, sucrose, mannose, ribose, galactose, cellobiose, trehalose, sorbitol, mannitol, melibiose, melezitose, amygdalin, betaine, glycogen, inulin, inositol, raffinose, salicin and starch. An increase in the OD 600 of the medium containing an additional carbon source compared to the basal medium lacking an additional carbon source (control medium), was considered to be positive for growth. Substrate utilization properties of strain LAM0A37
T and its closely related species were also examined in the API 20A (bioMérieux) systems under the same growth conditions and carried out according to the manufacturer's instructions. The metabolic end-products generated during growth in liquid PY medium [supplemented with 0.5 % (w/v) glucose] were analysed and quantified as described previously (Steer et al., 2001) . To analyse the reduction of electron acceptors, filter-sterilized solutions of sodium nitrite (5 mM), sodium nitrate (20 mM), sodium thiosulfate (20 mM), sodium sulfite (5 mM) or sodium sulfate (20 mM), were added to the basal medium (lacking the reductant L-cysteine, Na 2 S and Casamino acids), respectively. Elemental sulfur (1 %) was added to the basal medium directly before autoclaving. Catalase activity was detected by placing drops of 3 % (v/v) H 2 O 2 onto plategrown cultures and observing the production of oxygen bubbles. H 2 S production was observed in tubes of a medium (10 g peptone, 5 g beef extract, 5 g NaCl, 0.5 g cysteine, water added to 1 l; pH 7.0) bearing a sterile strip of lead acetate-saturated paper just above the level of the medium (Gaston & Stadtman 1963) . The following physiological and biochemical characteristics were determined using both conventional methods (Kämpfer et al., 1991) and the API 20A system: indole production, gelatin liquefaction, aesculin hydrolysis and activity of urease.
Extraction and purification of genomic DNA from strain LAM0A37 T was performed as described by Marmur (1961) and the 16S rRNA gene was amplified by PCR using prokaryotic 16S rRNA universal primers 27F and 1492R (Weisburg et al., 1991) . A nearly complete 16S rRNA gene sequence (1405 bp) was obtained and sequenced by Life Technologies (Shanghai, China). For pairwise 16S rRNA gene sequence alignments, the EzTaxon-e server was used (Kim et al., 2012) to generate the pairwise similarity values. Phylogenetic trees were reconstructed using MEGA 6 software (Tamura et al., 2013) . Clustering was determined with the neighbour-joining method (Saitou & Nei, 1987) and bootstrap analysis (1000 replications) was carried out to evaluate the topology of the resulting tree (Felsenstein, 1985) . Tree topology was also confirmed by using maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. To determine the DNA G+C content and DNA-DNA reassociation, cultivation and harvesting of cells were performed as described previously (Wilde et al., 1989) . DNA was isolated and purified by using the method of Marmur (1961) . The DNA G+C content was detected by the thermal denaturation method in standard saline citrate using Escherichia coli K-12 as the reference strain (Mandel & Marmur 1968 , Marmur & Doty 1962 . DNA-DNA reassociation values were determined by measuring the renaturation rates of the denatured DNAs as recommended by De Ley et al. (1970) and Huss et al. (1983) .
Fatty acid analyses were performed on strain LAM0A37
T , Terrisporobacter glycolicus JCM 1401 T and Terrisporobacter mayombei DSM 6539 T under the same conditions. The three strains were incubated in TSB medium at 35 8C. The fatty acids were extracted from the fresh cells in the late exponential phase of growth. Identification and quantification of the cellular fatty acids were performed using the Sherlock Microbial Identification System with the standard MIS Library Generation Software (version 6.0 and Date 4, MIDI). Other chemotaxonomic characterizations of strain LAM0A37
T , including analysis of polar lipids and isoprenoid quinones composition, were carried out on cells incubated in TSB medium for 48 h at 35 8C. Polar lipids were extracted and separated on silica gel plates (10610 cm, Merck 5554) and further analysed with the method described by Minnikin et al. (1984) and Xu et al. (2011) . Molybdatophosphoric acid was used to reveal total polar lipids; aminolipids were determined using ninhydrin reagent. The result was analysed as described by Fang et al. (2012) . Isoprenoid quinones of strain LAM0A37
T were extracted with the method described by Minnikin et al. (1984) and analysed with HPLC as described by Tindall (1990) .
Colonies of strain LAM0A37
T cultivated on TSA for 72 h at 35 8C were circular (approximately 1-3 mm in diameter) to irregular, greyish-white to light yellow, flat to raised, translucent with a shiny and smooth surface and a moist texture. Cells were Gram-stain-positive, strictly anaerobic and straight or slightly curved rods (0.3-0.661.8-5.0 mm) as shown in Fig. 1 . Cells were capable of forming spores, but generally in the form of free spore (Fig. S1 , available in the online Supplementary Material). Cells were motile with flagella that were primarily peritrichously arranged (Fig. S2) . Cells grew at 15-45 8C and at pH 5.5-9.5. The optimal temperature for growth of strain LAM0A37 T was 40 8C, which is higher than the optimal temperature for taxonomic relatives of the novel strain. The optimal pH for growth was pH 7.0-7.5. The strain did not require NaCl for growth but tolerated up to 3 % (w/v) NaCl. T was negative for indole production, gelatin and aesculin hydrolysis, urease and catalase activity. H 2 S production was not observed. Sodium sulfite was used as a terminal electron acceptor. The main products from glucose fermentation of strain LAM0A37
T were acetate and CO 2 ; and minor amounts of propionic acid was also detected. The comparison of the physiological characterization between strain LAM0A37 T and closely related reference strains is shown in Table 1 .
Phylogenetic analysis based on the nearly complete 16S rRNA gene sequence of strain LAM0A37
T indicated that the strain was most closely related to Terrisporobacter glycolicus JCM 1401
T and Terrisporobacter mayombei DSM 6539 T with 98.3 % sequence similarity to both. DNA-DNA hybridization values between strain LAM0A37
T and type strains of Terrisporobacter glycolicus and Terrisporobacter mayombei were 45.6¡0.3 % and 38.3¡0.4 %, respectively. The DNA G+C content of strain LAM0A37
T was 27.1¡0.2 mol% as detected by the T m method, which was within the range of values expected for members of the genus Terrisporobacter (25.0-30.0 mol%). DNA G+C content analysis and the phylogenetic tree (Fig. 2) showed that strain LAM0A37
T is a member of genus Terrisporobacter. Phylogenetic trees reconstructed based on the maximum-likelihood and maximum-parsimony algorithms also supported this conclusion ( Figs S3 and S4 ).
The predominant fatty acid of strain LAM0A37 T was C 16 : 0 (23.6 %), which was present in lower amounts than in Terrisporobacter mayombei DSM 6539 T (26.3 %), but in higher amounts than in Terrisporobacter glycolicus JCM 1401 T (18.5 %). The main fatty acids between strain LAM0A37 T and the reference strains were similar, while differences existed in their content and other minor compositions (Table S1 ). Isoprenoid quinones were not detected in strain LAM0A37 T . The polar lipid profile of strain LAM0A37
T comprised five glycolipids, six phospholipids and two lipids (Fig. S5) , but phospholipids with free amino groups (e.g. phosphatidylethanolamine) were absent (Fig. S6) , which was in accordance with the type strains of the two other species of the genus Terrisporobacter.
Based on morphological, physiological and phylogenetic characteristics, it is concluded that strain LAM0A37
T represents a novel species of the genus Terrisporobacter, for which the name Terrisporobacter petrolearius sp. nov. is proposed.
Description of Terrisporobacter petrolearius sp. nov.
Terrisporobacter petrolearius (pe.tro.le.a9ri.us. L. fem. n. petra rock; L. masc. adj. olearius related to oil; N.L. masc. adj. petrolearius related to mineral oil).
Cells are strictly anaerobic, Gram-stain-positive, sporeforming, rod-shaped with a cell size of 0.3-0.6 mm in width and 1.8-5.0 mm in length, occur singly or in pairs, and are motile by peritrichous flagella. Colonies on TSA after cultivation at 35 uC for 72 h are circular to irregular, greyish-white to light yellow, flat to raised, translucent ), which was isolated from an enrichment sample collected from a petroleum reservoir in Shengli oilfield. The genomic DNA G+C content of the type strain is 27.1 mol%.
